In the analysis of newly determined sequences, it is customary to search both the primary data sources and the secondary, pattern databases. Increasingly, search protocols or 'expert systems' perform both types of query, but few properly exploit the differences between them. Here, we outline a server that distils the diagnostic essence of primary and secondary database searching into an informative, easy-to-use interface.
In the analysis of newly determined sequences, it is customary to search both the primary data sources and the secondary, pattern databases. Increasingly, search protocols or 'expert systems' perform both types of query, but few properly exploit the differences between them. Here, we outline a server that distils the diagnostic essence of primary and secondary database searching into an informative, easy-to-use interface.
Sequences matched in the current version of PRINTS (Attwood et al., 1999) are used to create a FASTA-format database, and SRS indexing (Etzold et al., 1996) is used to extract the relevant fingerprint-and sequence-specific information. An implementation of BLAST (Altschul et al., 1990) allows searches of the sequence file with either protein or DNA queries. Part of a typical output is shown in Figure 1a . The result is divided into three fields: the first of these summarizes the most frequently occurring fingerprint matches (to a maximum of 10 fingerprints); the second is the standard BLAST summary, with a modified description line, showing the PRINTS ID code and accession number of the fingerprint containing the matched sequence, and the number of motifs matched by that sequence relative to the total number of motifs in the fingerprint; the third field contains the alignments (not shown). Constructing the description line in the manner shown in Figure 1a ensures that matches reported by BLAST can be related directly back to a given fingerprint, and further information easily retrieved from both PRINTS and the primary sequence database via their hyper-linked ID names.
A consequence of the link to PRINTS is that sequences that occur in different fingerprints will appear several times in the hitlist, making at-a-glance interpretation quite difficult. The fingerprint summary, therefore, simply sums the number of occurrences of each fingerprint in the list. Note, however, that because some families are more highly populated than others, they are more likely to occur at the top of the table, irrespective of their BLAST scores.
An important feature of this table is the link to a fingerprint visualization tool, which allows rapid visual inspection of a profile of the query against the named fingerprint. Figure 1b shows the result of choosing this option for the top fingerprint, and reveals an unequivocal true-positive diagnosis.
Perhaps more interesting is the graphical option embedded in the BLAST summary, which is accessed via the noted number of motif matches, in the centre of the description line. This option reveals two fingerprint profiles: (i) a plot of the matched sequence against its parent fingerprint; (ii) a plot of the query sequence against that fingerprint. These comparative profiles allow instant assessment of the specificity of the BLAST hit. For example, in Figure 1c , we see that the G10D receptor matches all nine motifs of its own family fingerprint, but what is interesting is that the query orphan receptor (RDC1) matches none of these motifs, in spite of being the top non-RDC1 hit, with a P value of 1.7e -65 . At first sight, this may seem curious, yet it provides a striking illustration of the difference between how BLAST and fingerprints 'see' similarity between sequences. These receptors are similar because they share a common architecture (the characteristic scaffold of the 7TM serpentine receptors), and this is what BLAST identifies, but the sequences are different at their Nand C-termini, and in their loops, which is where we might expect to discover many of their functional determinants-it is these features that family-specific fingerprints encode. Clearly, these tell-tale traits are not shared by RDC1 and G10D.
This result has important ramifications for automatic genome analysis, highlighting the danger of reliance on top hits to provide functional inferences. BLAST effectively flags generic similarities, and cannot provide specific family diagnoses. In this example, while BLAST detects similarity be- The description line has been modified to include the PRINTS ID code and accession number of the fingerprint containing the matched sequence, together with an indication of the number of motifs this sequence matches within that fingerprint. In this example, the top matching sequences are members of the RDC1 family of rhodopsin-like G-protein-coupled receptors (GPCRs); the sequences match twice in the hitlist because they occur both in the generic rhodopsin-like GPCR superfamily fingerprint and in the family-specific RDC1 orphan receptor fingerprint. The first non-RDC1 sequence is a G10D receptor, a known superfamily member, which also occurs twice in the hitlist by virtue of matching both superfamily and family-specific fingerprints. (b) Profile returned from the 'picture' link in the fingerprint summary, showing the query sequence versus the named fingerprint (GPCRRHODOPSN). Within the graph, the horizontal axis denotes the sequence, and the vertical axis the percentage score (identity) of each fingerprint element (0-100 per motif). 'Filled-in' blocks mark the positions of motif matches above a 15% threshold. Blocks appearing in a systematic order along the length of the sequence and above the level of noise indicate matches with the constituent motifs. Here, the query sequence is clearly a true positive GPCR, matching all seven elements (the TM domains) of the superfamily fingerprint. (c) Comparative fingerprint profiles invoked from the BLAST summary. The top non-RDC1 match in the hitlist is G10D_RAT, which matches all nine motifs of its own family fingerprint, as illustrated in the right-hand profile; by contrast, the query sequence, in the left-hand profile, matches none of the motifs. This result illustrates the difference between the diagnostic potential of BLAST, which identifies the shared 7TM receptor scaffold, and fingerprints, which are able to make more precise, family diagnoses.
tween receptors at the level of their shared 7TM scaffolds, fingerprints pinpoint the (presumably functional) differences in the loops that link the TM domains together.
BLAST PRINTS provides a fast, familiar tool with which to search the PRINTS database. Exploiting the power of visual fingerprint profiles, the tool offers potent and precise diagnoses that complement standard BLAST searches.
